STRENGTH OF MATERIALS

Torsion Laboratory

Objective:

The purpose of this exercise is to verify experimentaly the accuracy of the torque angular
displacement relationship and to demondtrate the effect of cross sectional geometry in round
members subjected to torsion.

Theory:
The torque-angular displacement reationship for auniform circular member is given by:
JG

where T isthe gpplied torque (in-1b)
L isthe length between torque gpplication points (in)
G isthe modulus of rigidity or shear modulus (Ib/in?)
Jisthe polar moment of inertia (in*)
g isthe angle of twist (radians).

To evduate the accuracy of equation (1), an experimental Jvalue will be found according
to the rdaionship in the form of:
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where K=T/q is the dope of atorque-angular displacement graph. Torsond siffness expressed
by the equation K = T/q is defined as the torque required to produce a unit angle of rotation.

From the equation, it is observed that K is directly proportiona to Jand inversely proportiona to
L.

Comparison of the experimenta J value can then be made with the theoreticd Jvaue
obtained from the equation:
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wherer, = d, =0 for asolid rod.

Effect of Cross-Sectional Geometry:

Thetorsion test will be performed using two rods made of the same materid with
different cross-sectional geometry. Comparison of the results will serve to demondtrate the effect
of asolid versus hollow geometry in round members subjected to torsion. Each rod is composed
of brass with amodulus of rigidity (G) of 5.2x10° psi.

Procedure:

1. Measure the outer diameter of each specimen (the wall thickness of the hollow tube is 0.025
in.). Two plexiglass protractors with scales in degrees are attached to the specimen at B and C
(Figure 1). The length of the test section between B and C should be measured, as wdll the length
of the loading lever am. Record the datain Table 1.
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2. For each specimen, place the loads in the weight pan at 1-1b increments and record the
corresponding angle of twist in degrees a protractors B and C for each increment (Table 2).
3. Cdculate the torques, the angular displacement between B and C and convert degreesto
radians to complete Table 3.
4. Usng a gpreadsheet/graphing program, plot a single graph of torque (in-1b) versus angular
displacement (radians) for both the solid rod and the hollow tube. Use a scatter plot to show the
experimenta data points.
5. Cdculate the dope of each set of data using aleast squaresfit, show the lines on the graph
and indicate the dope vaues. (A two-point or estimated dope will not be accepted.)

6. Cdculate thetheoreticd Jusing Eqg. 3 and the experimenta J using the dopes obtained above.
Compare the two values of J and determine the percent difference to complete Table 4.

7. Complete Table 5.

Report:

Y our laboratory report should be in the format specified by your ingtructor and include
the graphs and caculations described above aswell asdl datatables. A discussion of the
observed effects of cross sectiond areaand geometry must be included using the datain Table 5.
Why are hollow shafts often observed in the flegt?

Table1l - Geometric Data

Solid rod

Hollow rod

Apparatus number

Specimen length B-C (in)

Specimen diameter (in)

Loading lever am (in)

Table2 — Observed Data

Angular displacement - solid rod

Angular displacement - hollow rod

Load (Ibs)

Protractor B (deg) | Protractor C (deg)

Protractor B (deg) | Protractor C (deg)
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Table 3 - Computed Data

Torque (in-1b) g Solidrod B-C (rad) g Hoallow rod B-C (rad)

Table 4 — Comparison of Experimental and Theor etical Values of J

Solid Rod Hollow Rod
Jexpeaimentd (in®)
Jtheoretical (in")
% Difference
Table5 - Effect of Geometry
Solid Rod Hollow Rod
Cross sectiona area (in?)
Torgond diffness (in-1b/rad)
protractor

String {supporting panﬂ

ra
e Brass red or tube wrapped around whee
Sy - in groove
= L
T

Figure 1- Schematic of test apparatus

Revised by M. Koul 3/02



